Introduction
============

Alcoholic liver disease (ALD) is the main cause of advanced liver disease and is associated with high mortality on a global level ([@b1-etm-0-0-5427]). The ALD-associated mortality rate was reported to be up to 3.8% throughout the world ([@b1-etm-0-0-5427]). In China, an increasing incidence of ALD was identified among hospitalized patients with liver diseases from 2.7 to 4.4% between 2000 and 2004 ([@b2-etm-0-0-5427]). The morphological features of ALD include steatosis, alcoholic hepatitis, fibrosis, cirrhosis and hepatocellular carcinoma ([@b3-etm-0-0-5427]). ALD is induced by long-term alcohol abuse and alcohol dependence ([@b4-etm-0-0-5427]). The deleterious effects of alcohol are mainly attributed to the massive production of reactive oxygen species (ROS) and acetaldehyde from ethanol metabolism ([@b5-etm-0-0-5427],[@b6-etm-0-0-5427]). Since oxidative stress and metabolite-induced inflammatory factors are involved in the development of ALD, specific anti-oxidants potentially blunt ethanol-induced oxidative stress and prevent this pathogenesis ([@b7-etm-0-0-5427],[@b8-etm-0-0-5427]).

During ethanol metabolism, ROS stimulate the activation of the nuclear factor-κB (NF-κB) pathway in the liver, which in turn accelerates local synthesis of inflammatory mediators, including interleukin-8 (IL-8), tumor necrosis factor-α (TNF-α) and transforming growth factor-β (TGF-β) ([@b9-etm-0-0-5427]--[@b12-etm-0-0-5427]). In addition, serum biochemical factors such as aspartate aminotransferase (AST), alanine aminotransferase (ALT), cholesterol (CHO) and alkaline phosphatase (ALP) are biomarkers for the progression of ALD ([@b13-etm-0-0-5427]--[@b15-etm-0-0-5427]). These inflammatory factors lead to cytokine imbalance and immune disorders, which further impairs liver function. Thus, any agent with anti-oxidative (or anti-inflammatory) abilities may potentially attenuate alcohol-induced liver injury.

*Euterpe oleracea* Mart. (EO), also known as Açaí or jucara, is a fruit widely consumed by the local population of the Amazon region ([@b16-etm-0-0-5427]). EO has been found to contain high levels of phytochemicals that exhibit anti-oxidant and anti-inflammatory activities ([@b16-etm-0-0-5427]--[@b18-etm-0-0-5427]). Furthermore, EO has been found to have antitumor activity and improve cardiac dysfunction ([@b19-etm-0-0-5427],[@b20-etm-0-0-5427]). However, to the best of our knowledge, the therapeutic effect of EO in ALD has remained elusive. In the present study, the influence of EO on hepatic oxidative and inflammatory factors were assessed. Furthermore, the mRNA levels of NF-κB and CD-68 were evaluated in an attempt to elucidate the mode of action of EO on ALD.

Materials and methods
=====================

### Plant material

EO puree was purchased from Belalaçá Polpas de Frutas Indústria e Comércio Ltda (cat no. PA-COE-01/2011; Castanhal, Brazil). In order to preserve the nutritional components and organoleptic qualities, EO puree had been prepared within 20 h of harvesting. After the skin and seeds were discarded, the watery pulp was processed for puree preparation. Each 100-g portion of EO puree contained 0.035 g procyanidine, as determined by an inspection institution (report ID, E0819002201D; Pony Testing International Group, Beijing, China). The prepared EO puree was composed of 10% solid body and 90% liquid. Subsequent to obtainment, EO puree was stored at −20°C for further analysis.

### Animals

A total of 30 Wistar rats (weight, 220--240 g; age, 7 weeks) were purchased from SPF Biotechnology Co., Ltd. (Beijing, China). All of the animals were housed in the Experimental Animal Lab of Beijing University of Chinese Medicine (Beijing, China) under a 12-h light/dark cycle with *ad libitum* access to water and standard food, and were allowed to adapt to the laboratory conditions for one week. Ethical approval was obtained from the Animal Care Committee of Beijing University of Chinese Medicine (Beijing, China). All of the animal experiments were performed according to the Guide for the Care and Use of Laboratory Animals (Ministry of Science and Technology of China, 2006). Rats were randomly divided into three groups (10 rats per group), including alcohol group (alcohol intake), EO group (alcohol + EO puree intake) and control group (distilled water intake). In the first week, rats in the alcohol group and the EO group were treated with alcohol (56%; 0.8 ml/100 g) daily by oral gavage in the morning. The amount of alcohol was then increased by 0.1 ml every other week until the 8th week (1.5 ml/100 g in the 8th week) ([@b21-etm-0-0-5427]). In the control group, rats were given the same volume of distilled water once daily in the morning. In the afternoon, EO puree (1 ml/100 g) was administered to rats by oral gavage in the EO group, while rats in the control and alcohol groups received the same volume of distilled water. All of the treatments were maintained for 8 consecutive weeks.

### Serum biochemical marker assay

After the rats were deeply anesthetized with chloral hydrate (350 mg/kg, intraperitoneally; Beijing Chemical Works, Beijing, China), blood samples were collected from abdominal aortas. Serum was collected by centrifugation at 300 × g for 15 min at 4°C and stored at −80°C for further analysis.

The levels of ALT and AST in serum were measured by using commercial assay kits (cat nos. C009-1 and C010-1; Nanjing Jiancheng Bioengineering Institute, Nanjing, China) and colorimetrically determined with a 752-C ultraviolet-visible spectrophotometer (Shanghai Third Analytical Instrument Factory, Shanghai, China). The serum alkaline phosphatase (ALP) activity was quantified using a commercial assay kit (cat no. A059-1; Nanjing Jian Cheng Bioengineering Institute) and a Microlab F.A.M.E automated microplate reader (WD-2102A; Beijing Liuyi Instrument Biotechnology Co., Ltd., Beijing, China). The serum triglyceride (TG) and CHO levels were quantified using commercial kits (cat nos. Y015 and Y014; Beijing Beihuakangtai Clinical Reagent Co., Ltd., Beijing, China) by using an A6 Semi-automatic Biochemistry Analyzer (Beijing Shining Sun Tech. Co., Ltd., Beijing, China).

### Inflammatory cytokine measurement

The serum levels of IL-8, TNF-α and TGF-β were determined with immunoassay kits (cat nos. HY-H0008, HY-H0019 and HY-H0022; Beijing Sino-UK Institute of Biological Technology, Beijing, China) by using a R-911 automatic radioimmunity analyzer (USTC Holdings Co., Ltd., Hefei, China).

### Histopathological examination and assessment

Following anesthesia with 10% chloral hydrate (5 ml/kg), the experimental rats were sacrificed and the liver tissues were isolated and weighed to determine the hepatic index as follows: Hepatic index = liver weight/animal weight ×100. Liver tissues with the approximate dimensions of 2×2×2 mm^3^ were fixed with 4% paraformaldehyde and embedded in paraffin. Paraffin sections (5 µm) were stained with hematoxylin and eosin, and observed under a light microscope (magnification, ×400; Nikon Eclipse Ti-SR; Nikon, Tokyo, Japan).

To determine the protein expression of CB68, the liver sections were deparaffinized with xylene, dehydrated in a graded series of ethanol and washed with distilled water. The sections were treated with 3% H~2~O~2~ for 25 min, followed by blocking with EDTA solution buffer for antigen retrieval by microwave heating. Then, the sections were incubated with anti-CD68 antibody (1:100 dilution; cat no. GB13067-M; Goodbio Technology Co., Ltd., Wuhan, China) at 4°C overnight and horseradish peroxidase-conjugated sheep anti-mouse antibody (1:200; cat no. 074-1806; KPL, Inc., Gaithersburg, MD, USA) at 37°C for 10 min. Then, the sections were stained with 3,3′-diaminobenzidine (Dako Real DAB+ Chromogen, K5007; Agilent Technologies, Inc., Santa Clara, CA, USA) according to the manufacturer\'s instructions. CD68-positive cells were observed under a microscope and quantified using the Image-Pro Plus 6.0 imaging analysis system (Media Cybernetics, Rockville, MD, USA).

### Analysis of anti-oxidative activity

The liver tissues (0.2 g) were homogenized with 1.8 ml ice-cold physiological saline and centrifuged at 1,000 × g for 10 min at 4°C. The supernatant was collected for further analysis. The hepatic tissue activity of superoxide dismutase (SOD) as well as the levels of anti-oxidant scavengers glutathione (GSH) and malondialdehyde (MDA) were determined using commercial assay kits (cat nos. A006 and A003-1; Nanjing Jiancheng Bioengineering Institute) with a 752-C ultraviolet-visible spectrophotometer. The content of TG in liver tissues was measured by using a TG assay kit (cat no. A110-2; Nanjing Jiancheng Bioengineering Institute) according to the manufacturer\'s instructions with an A6 Semi-automatic Biochemistry Analyzer.

### Reverse-transcription quantitative polymerase chain reaction (RT-qPCR) assay

Total RNA of liver tissues was extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer\'s instructions. Complementary (c)DNA was generated using the RevertAid First-Strand cDNA Synthesis kit (cat no. K1622; Thermo Fisher Scientific, Inc.) and amplified using Fast Start Universal SYBR-Green Master Mix (Rox; cat no. 04 913 914 001; Roche Diagnostics, Basel, Switzerland) on a 7300 Real-Time PCR system (Applied Biosystems, Thermo Fisher Scientific, Inc.). The thermal cycling conditions included denaturation at 95°C for 10 min, followed by 40 cycles amplification of 95°C for 15 sec and 60°C for 60 sec. The specific primers for β-actin, NF-κB and CD68 were obtained from Invitrogen (Thermo Fisher Scientific, Inc.) and the sequences of are listed in [Table I](#tI-etm-0-0-5427){ref-type="table"}. The relative mRNA expression was analyzed using the 2^−∆∆Cq^ method by normalizing to β-actin mRNA expression as the internal control ([@b22-etm-0-0-5427]).

### Statistical analysis

Values are expressed as the mean ± standard deviation and. Statistical analysis was performed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). One-way analysis of variance was performed for comparisons between groups, followed by post-hoc comparisons using Dunnett\'s t-test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Effect of EO on ALT, AST, ALP, TG, CHO and hepatic index in serum of rats with ALD

Compared with those in the control group, the levels of ALT, AST, ALP, TG and CHO in the serum of rats of the alcohol group were significantly increased (P\<0.01; [Fig. 1A and B](#f1-etm-0-0-5427){ref-type="fig"}). Rats in the EO group had significantly lower serum levels of ALT, AST, ALP, TG and CHO in compared with those in the alcohol group (ALT, 32.88±6.43 vs. 41.2±8.85 U/l, P\<0.05; AST, 144.63±23.65 vs. 168.27±25.68 U/l, P\<0.05; ALP, 53.17±14.31 vs. 76.41±21.75 U/l, P\<0.01; TG, 0.28±0.1 vs. 0.37±0.09 µmol/l, P\<0.05; CHO, 0.78±0.08 vs. 0.97±0.23 µmol/l, P\<0.05). Compared with that in the control group, the hepatic index in the alcohol group was significantly increased (2.62±0.15 vs. 3.13±0.24, P\<0.01), while it obviously declined after EO treatment (2.88±0.23, P\<0.05; [Fig. 1C](#f1-etm-0-0-5427){ref-type="fig"}).

### Pathological changes after treatment

The pathological changes of liver tissues are presented in [Fig. 2](#f2-etm-0-0-5427){ref-type="fig"}. Regular lobular architecture with central veins and radiating hepatic cords were observed in the livers of control rats ([Fig. 2A](#f2-etm-0-0-5427){ref-type="fig"}). However, liver sections from the alcohol group displayed severe steatosis and abundant infiltrated inflammatory cells ([Fig. 2B](#f2-etm-0-0-5427){ref-type="fig"}). These histopathological changes were substantially alleviated by EO treatment ([Fig. 2C](#f2-etm-0-0-5427){ref-type="fig"}).

### Effect of EO on GSH, MDA, TG and the activity of SOD induced by alcohol in liver tissues

To investigate the effects of the EO on alcohol-induced oxidative stress, the content of GSH, MDA and TG as well as the activity of SOD in liver tissues were evaluated. The level of GSH and the activity of the anti-oxidant enzyme SOD in liver tissues were significantly reduced in alcohol-treated rats (P\<0.01 vs. control; [Fig. 3A and B](#f3-etm-0-0-5427){ref-type="fig"}). Furthermore, the content of MDA was significantly increased in the alcohol-treated rats compared with that in the controls (P\<0.01; [Fig. 3C](#f3-etm-0-0-5427){ref-type="fig"}). A significant increase of TG was also found in rats of the alcohol group (P\<0.01 vs. control; [Fig. 3D](#f3-etm-0-0-5427){ref-type="fig"}). These alterations were significantly restored by the administration of OE (P\<0.05 vs. alcohol group).

### Effect of EO on hepatic inflammatory markers

The levels of the inflammatory cytokines TNF-α, TGF-β and IL-8 in the liver were determined in the present study. As presented in [Fig. 4](#f4-etm-0-0-5427){ref-type="fig"}, the levels of TNF-α, TGF-β and IL-8 were significantly elevated in the alcohol group compared with those in the control group (P\<0.01), which was significantly inhibited by EO treatment (P\<0.01 vs. alcohol group).

### Effect of EO on NF-κB and CD-68

The results on the mRNA expression levels of NF-κB and CD-68 are displayed in [Fig. 5](#f5-etm-0-0-5427){ref-type="fig"}. Compared with those in the control group, the mRNA expression levels of NF-κB and CD-68 were significantly increased by alcohol treatment (1.02±0.11 vs. 0.29±0.07, P\<0.01; 1.8±0.39 vs. 0.98±0.15, P\<0.01), which was significantly attenuated by EO treatment (0.44±0.09 vs. 1.02±0.11, P\<0.01; 1.07±0.32 vs. 1.8±0.39, P\<0.01, respectively) Compared with that in the control group, the protein expression of CD68 was significantly increased in the alcohol group (P\<0.01), which was significantly inhibited in the EO group (P\<0.05 vs. alcohol group; [Fig. 6](#f6-etm-0-0-5427){ref-type="fig"}).

Discussion
==========

ALD is a major cause of chronic liver disease and has resulted in critical personal health hazards and serious public health burdens worldwide ([@b23-etm-0-0-5427]). Development of novel therapies has improved the treatment of ALD, which mainly includes anti-oxidant, anti-inflammatory and anti-TNF-α therapy. However, the efficacy of these therapies remains controversial. EO is a fruit from the Amazon region and has been widely studied for its anti-oxidant and anti-inflammatory capacity ([@b24-etm-0-0-5427]). However, to the best of our knowledge, the therapeutic potential of EO for ALD has remained to be investigated and was therefore explored by the present study.

For the development of alcoholic liver injury, oxidative stress was reported to be crucial ([@b25-etm-0-0-5427],[@b26-etm-0-0-5427]). Oxidative stress was originally defined as the disequilibrium between oxidants and anti-oxidants in biological systems, which then leads to lipid peroxidation ([@b27-etm-0-0-5427]). A previous study showed that overproduction of ROS induced by alcohol metabolism may result in GSH depletion, decreasing anti-oxidant activities and elevating lipid peroxidation ([@b28-etm-0-0-5427]). MDA, an end-product of lipid peroxidation, is often used as an indicator of oxidative damage ([@b29-etm-0-0-5427]). The accumulation of TG has been regarded as a marker for steatosis ([@b30-etm-0-0-5427]). A study by de Oliveira *et al* ([@b31-etm-0-0-5427]) suggested that Açaí seed extract significantly reduced the hepatic expression of lipogenic proteins, such as sterol regulatory element-binding transcription factor 1c (SREBP-1c) and hydroxymethylglutaryl-CoA (HMGC-CoA) induced by a high-fat diet. In the present study paper, lipid peroxidation-associated proteins such as TG and MDA were found to be significantly reduced by OE. Thus, OE may relieve the ALD by preventing lipid peroxidation.

Anti-oxidant scavengers such as GSH are commonly used for the evaluation of anti-oxidant activities ([@b32-etm-0-0-5427]). In addition, SOD has been implicated in inflammatory diseases and oxidative stress ([@b33-etm-0-0-5427],[@b34-etm-0-0-5427]). Balasubramaniyan *et al* ([@b35-etm-0-0-5427]) demonstrated that the level of MDA in the liver is increased under the enhancement of oxidative stress in mice. The results of the present study revealed that the liver tissues of rats with ALD, the content of GSH and SOD was significantly decreased, which was inhibited by the administration of OE, suggesting that OE treatment increased anti-oxidant activities in liver tissues. All of the above indicated that OE inhibited ROS generation in hepatocytes.

The association between the levels of certain factors in serum and liver failure has been previously reported ([@b36-etm-0-0-5427],[@b37-etm-0-0-5427]). Zeng *et al* ([@b8-etm-0-0-5427]) reported that the leakage of ALT and AST into the blood indirectly reflected liver failure caused by ALD. Li *et al* ([@b38-etm-0-0-5427]) indicated that in mice with alcohol-induced liver injury, pre-treatment with Platycodin D for 7 consecutive days significantly and dose-dependently inhibited the elevation of serum ALT and AST to near basal levels. In the present study, EO treatment significantly decreased the content of ALT and AST in the serum of alcohol-treated rats. In addition, the present study demonstrated an accumulation of ALP, ALT, TG and CHO in the serum after acute alcohol exposure. However, EO effectively inhibited alcohol-induced increases of serum CHO, ALP, ALT and TG. Based on these serum parameters, EO was demonstrated to be a potent preventive agent against ALD.

The results of the present study further demonstrated that the expression of TNF-α, TGF-β, IL-8, NF-κB and CD-68 in liver tissues was decreased by EO treatment. TNF-α, IL-1β and IL-6, secreted by Kupffer cells and peripheral blood monocytes, are three important inflammatory cytokines involved in ALD ([@b39-etm-0-0-5427]). Corticosteroids are considered to be the mainstay of treatment for alcoholic hepatitis by decreasing the levels of inflammatory cytokines such as TNF-α and IL-8 ([@b40-etm-0-0-5427]). However, available results on corticosteroid treatment are conflicting with regard to drug resistance. In the present study, EO intake significantly decreased the liver concentrations of TNF-α, TGF-β and IL-8 (P\<0.05), while no significant changes were observed in IL-6 levels (data not shown). This result indicated that EO had a significant effect on inhibiting inflammation of ALDs by targeting TNF-α, TGF-β and IL-8. In addition, the histological data suggested that liver sections from the alcohol group displayed severe steatosis and abundant infiltrated inflammatory cells, which were substantially alleviated by EO treatment. Based on these findings, it was speculated that EO inhibited the inflammation in ALD by reducing the infiltration of inflammatory cells.

NF-κB is involved in an important signaling pathway responsible for the formation of oxidative and inflammatory reactants ([@b41-etm-0-0-5427]--[@b43-etm-0-0-5427]). A previous study revealed that maslinic acid intake led to the downregulation of hepatic protein expression of NF-κB in alcohol-induced ALD ([@b44-etm-0-0-5427]). Based on the result of the present study that the expression of NF-κB and CD-68 was decreased in the EO group compared with that in the alcohol group, it was speculated that EO exerted hepatoprotective effects by decreasing the production of downstream oxidative and inflammatory factors to finally alleviate alcohol-induced hepatotoxicity.

Despite the NF-κB pathway having a key role in the pathogenesis of ALD, the present study was limited to the measurement of the protein expression of NF-κB and the downstream molecules of the NF-κB signaling pathway. Furthermore, the effect of OE on the lipid content remains to be fully clarified and lipogenic proteins, such as SREBP-1c and HMGC-CoA, should be measured.

In conclusion, OE intake alleviated chronic alcoholic liver injury in rats by attenuating oxidative stress and the inflammatory response. These results implied that due to its anti-oxidative and anti-inflammatory features, OE may be applied for the treatment of ALD. However, further study is warranted.

The results of the present study were in part presented at the 2015 Annual Meeting of the American Society of Pharmacognosy, USA, 25--29 July 2015 (no. PX39; abstract DOI, 10.1055/s-0035-1556483).

![Effects of EO on alleviated chronic alcoholic liver injury in rats. (A) Activities of ALT, AST and ALP in the serum of rats. (B) TG and CHO concentrations in the serum; (C) Hepatic index. Values are expressed as the mean ± standard deviation (n=10). ^\#^P\<0.05, ^\#\#^P\<0.01 compared with control group. \*P\<0.05, \*\*P\<0.01 compared with alcohol group. EO, *Euterpe oleracea* Mart.; TG, triglyceride; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; CHO, cholesterol.](etm-15-01-0166-g00){#f1-etm-0-0-5427}

![Effects of EO on pathological changes in hepatic tissues. (A) Control group; (B) alcohol group; (C) EO group. Arrows indicate the infiltrated inflammatory cells and arrowheads indicate steatosis (magnification, ×400; scale bar, 50 µm; hematoxylin and eosin staining). EO, *Euterpe oleracea* Mart.](etm-15-01-0166-g01){#f2-etm-0-0-5427}

![Effects of EO on lipid peroxidation and anti-oxidants. (A) Levels of GSH; (B) activity of SOD; (C) levels of MDA; (D) levels of TG in hepatic tissues. Values are expressed as the mean ± standard deviation (n=10). ^\#\#^P\<0.01, compared with control group. \*P\<0.05, \*\*P\<0.01, compared with alcohol group. EO, *Euterpe oleracea* Mart.; GSH, glutathione; SOD, superoxide dismutase; MDA, malondialdehyde; TG, triglyceride; prot, protein.](etm-15-01-0166-g02){#f3-etm-0-0-5427}

![Effects of EO on inflammatory cytokine levels in the serum of rats. (A) TNF-α concentration; (B) TGF-β concentration; (C) IL-8 concentration. Values are expressed as the mean ± standard deviation (n=10). ^\#\#^P\<0.01, compared with control group. \*\*P\<0.01, compared with alcohol group. EO, *Euterpe oleracea* Mart.; TNF, tumor necrosis factor; TGF, transforming growth factor; IL, interleukin.](etm-15-01-0166-g03){#f4-etm-0-0-5427}

![Effects of EO on mRNA levels of NF-κB and CD68 in hepatic tissue. Values are expressed as the mean ± standard deviation (n=6). ^\#^P\<0.05, ^\#\#^P\<0.01, compared with control group. \*\*P\<0.01, compared with alcohol group. EO, *Euterpe oleracea* Mart.; NF, nuclear factor.](etm-15-01-0166-g04){#f5-etm-0-0-5427}

![Effects of EO on expression levels of CD68 in rat livers with alcoholic injury. (A) Photomicrograph of hepatic tissue (positive staining for CD68 is indicated by brown or tan cytoplasm; scale bar, 50 µm); (B) IOD value of CD68. Values are expressed as the mean ± standard deviation (n=6). ^\#^P\<0.05, ^\#\#^P\<0.01, compared with control group. \*\*P\<0.01, compared with alcohol group. IOD, integrated optical density; EO, *Euterpe oleracea* Mart.](etm-15-01-0166-g05){#f6-etm-0-0-5427}

###### 

Sequences of primers targeting rat genes used for polymerase chain reaction.

  Primer            Sequence
  ----------------- -------------------------------
  β-actin forward   5′-CGTTGACATCCGTAAAGACCTC-3′
  β-actin reverse   5′-TAGGAGCCAGGGCAGTAATCT-3′
  NF-κB forward     5′-CACCAAAGACCCACCTCACC-3′
  NF-κB reverse     5′-CCGCATTCAAGTCATAGTCCC-3′
  CD68 forward      5′-GCCTCTCTGTATTGAACCCGAAC-3′
  CD68 reverse      5′-AAGGACACATTGTATTCCACTGCC-3

NF-κB, nuclear factor-κB; CD, cluster of differentiation.
